"Magnetized" brains are slower -The cognitive effects of fMRI 2 MRI is generally thought to have no impact on cognition. Although safety experiments have shown that MRI is not harmful, its finer effects have not been investigated. Because we repeatedly observed delayed response time during functional MRI (fMRI), we designed an experiment to confirm this effect and to identify its causal factor(s), including environment, noise, static magnetic field and/or gradient switch. Here we show that the participants had increased response times of +70 ms (up to +30%) in two different detection tasks, with most of this effect due to the 2 Tesla static magnetic field. The latter also specifically accounted for the longer time interval needed to detect two stimuli as occurring successively rather than simultaneously. These observations demonstrate that brain processes are slowed during fMRI, and that this slowing is caused by the static magnetic field.
time interval needed to perceive two events as occurring successively or simultaneously (i.e., visual temporal resolution). Response time was assessed by means of two different tasks: a detection task, consisting of pressing a button when seeing a star; and a discrimination task, consisting of pressing a button when seeing an 'X' in a flow of consonants appearing on a screen. To more precisely assess the nature of the slowing effect, i.e., whether its origin is attributable to slowing of motor commands and/or to perceptual processing, subjects had to perform a temporal resolution task in which two diodes were flashed at different interstimulus intervals (ISI). Subjects had to press buttons according to their perception as to whether these diodes were switched on simultaneously or successively.
Classical testing and fMRI conditions differ by several factors that have been studied additively, to determine whether the difference was a mere addition of many small effects or due to one effect alone, as well as to determine which of these effects contributed most (see Figure 1 ). The 'environmental' factor was assessed by contrasting a classical sited situation to sham MR, reproducing the supine position, the confinement, the perception of stimuli through prism-glasses and asking the subject to refrain from moving, as in classical fMRI. The 'noise' factor was evaluated by comparing the sham MR condition with the same condition, during which the fMRI sound was played at the same volume as in a real scanner (87 dB with protections). The SMF effect was measured by contrasting the sham MR + sound condition with the true MR playing the same MR sound at identical volume.
Finally, the 'gradient switch' factor was assessed by comparing the true MR condition with classical fMRI acquisition, i.e., by adding magnetic flux changes, RF pulses and vibrations to the former. The experiment adopted a case crossover design; the 25 healthy participants performed the three tasks in the five conditions, with both factors being in randomized equilibrated order. Participants were also asked to evaluate, for each condition, their vigilance state by means of a visual analogue scale.
We found that the fMRI situation is not neutral for cognitive processing time. In both response time tasks, subjects displayed a similarly significant average increase in response time of 70 ms between the sited and fMRI conditions, i.e. +30% and 18% for the detection and discrimination reaction times, respectively (F (4,96) = 19.7, p = 7. 10 -12 , no interaction, see Figure 2 ). Only two factors were significant: the 'environment' (F (1,24) = 31.2, p = 1. 10 -5 ) and the SMF factors (F (1, 24) = 16.4, p = 5. 10 -4 ). Their effect was specific since both were larger than the other two factors.
The environmental factor is a compendium of several sub-factors that remain to be independently tested for specificity. The supine position may increase sleepiness, the confinement may be distracting, the instruction to refrain from moving may divert attention from the main task, and looking though prism-glasses may disturb the visual reference frame. The mean vigilance state did not differ significantly between the conditions, F (4,96) = 1.5, p > 0.05. However, there was a significant correlation between the vigilance decrement and the environment effect, r = -0.49, n = 25, p = 0.007 (see additional material Figure 5 ).
Most unexpectedly, SMF accounted for two thirds of the response time lengthening and tended to be larger than the 'environmental' factor (mean ± SD: +48 ± 58 ms vs. +23 ± 21 ms, F (1,24) = 3.6, p = 0.07). This effect is far from being negligible as it increased reaction times by 21% and was present in 88% of the subjects. Thus, it is surprising that it has not been reported previously. We are aware of only two studies that explored in/out scanner response time tasks. The first is non-interpretable because conditions were not randomized and different tests were used in and out the scanner 7 . The second failed to uncover any difference in auditory reaction time between 50 mT and 8 T 2 . The discrepancy with our results may not be solely due to the use of only 22 measures per The visual temporal resolution threshold was also affected by the experimental conditions, Thus we observed that SMF appeared to slow down brain processes, slowing reaction time and increasing the neuronal time integration window. Moreover, there were no vigilance decrements, as assessed by the questionnaire (F (4,96) = 1.5, p = ns). Moreover, in contrast to the environmental factor, the vigilance decrement was not significantly correlated with the SMF effect (r = -0.01, n = 25, ns). This weakens the hypothesis that the ability of SMF to slow brain processes may act indirectly through a decrease in arousal.
However, direct physiologic monitoring is required to warrant firmer conclusions.
SMF may affect brain processes, either directly or indirectly, by affecting blood supply. In favor of the latter, small increases in blood viscosity have been observed, putatively due to the paramagnetic properties of hemoglobin that force red cells to orient in relation to the magnetic field rather than to the capillariesadapted to by vascular regulation systems because vasodilatation has also been shown to be affected by magnetic fields 10 . However, the mere existence of a BOLD effect at this field intensity makes any vascular effect very unlikely to be so disturbing as to affect brain activity. Such effects also would poorly account for the lengthening of the visual time integration window and would be expected to be accompanied by arousal decrement.
Direct SMF effects more convincingly account for the slowing of neuronal processes. , working memory 4 and episodic memory tasks 2 . All of these studies were aimed at assuring safety; because the observed effects were small, the researchers concluded that there was an absence of serious harming concerns. However this does not ensure that the brain functions normally in a SMF. It is too soon to draw conclusions about the distortions the SMF could induce on some fMRI results. Future studies may determine the kind of cognitive processes that are more sensitive to SMFs (e.g. automatic or controlled processes). In contrast, SMFs may also be used to modify neuronal processes for therapeutic purposes, since they have already been shown to reduce nociception 17, 18, 19 and seizure severity and frequency 20,21 .
Methods Summary
All analyses were performed using data collected from 25 normal participants. Exclusion criteria were: counter indication for MRI and neurological or psychiatric past or present disorder, including drug abuse (also for nicotine and alcohol). The protocol was approved by the local ethical committee. All subjects provided written informed consent and were paid for their participation. They performed 3 tasks in 5 different conditions, all randomized in equilibrated order.
The environmental factor was reproduced by a sham MR of similar size as the real one, using the cover, bed and RF head coil of an old MR. The gradient noise was 87dB
(replayed or true).
Data were adjusted for an order effect. Reaction time tasks were analyzed with an ANOVA with two factors: conditions (5 -repeated measures) and task (2). The simultaneity detection task was analyzed by computing the temporal thresholds on which we performed a one factor ANOVA for conditions (5 -repeated measures 
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Additional material Methods
To complete the objective of 25 subjects equilibrated for sex (13 females, 12 males), 28
participants were recruited. The data of 3 subjects was discarded due to technical problems (noise too loud in one condition). This number of participants was conditioned by the number of conditions to be randomized and was designed to allow an uncorrected pvalue of 0.05 for a moderate effect size with a power of 0.8. Exclusion criteria were:
counter indication for MRI and neurological or psychiatric past or present disorder, including drug abuse (also for nicotine and alcohol).
To reduce intersubject differences in arousal levels, all experiments were performed during one afternoon (between 13:00 h and 18:00 h). Participants were asked to sleep for their habitual time the preceding night and to eat appropriately before testing (enough but not to much, no to be ill at ease when supine).
The subjects had to perform 3 tasks in 5 different conditions. Both tasks and conditions were in randomized equilibrated order. Because the sham and true MR were in different locations and had different external shapes, a double blind procedure relative to the condition could not be achieved. However, when asked about their belief concerning the factor they thought to be most disturbing, the two technicians that collected the data and >60% of the participants thought that it was the noise.
Tasks
Two tasks were used to measure the sensitivity of response time to the conditions with different levels of complexity: detection and discrimination reaction times. In the detection reaction time task, the subject had to press the left button of a mouse as soon as a star "Magnetized" brains are slower -The cognitive effects of fMRI 13 appeared on the screen (90 measurements; random inter-stimulus interval, 1 to 3 sec). In the discrimination reaction time task, the target was the letter 'X' presented in a flow of consonants (40 targets, 15% of the stimuli; random inter-stimulus interval, 1.5 to 2.5 sec).
The third task was a visual simultaneity detection task. Subjects had to fix the top of an arrow between two diodes, which were lit at an inter stimulus interval (ISI) varying randomly between 0 (together) to 63 ms in 7 ms steps (20 measurements per step). The first side to light up was counterbalanced (10 per side per ISI). The subjects had to press a key to indicate whether the diodes were lit simultaneously or successively. This procedure measures time integration and thus provides a different way to assess the impact of the MRI context on brain processes.
The participants were given instructions using a presentation and were trained once under supervision before beginning. During this instructional step they were allowed to ask any question at any time.
Each task was announced by a panel allowing the subjects to take a small break. They started the task when ready by pressing any key. It took 20 to 30 min to get through each task set.
Material
The experiment was programmed in e-basic (e-prime v1. 
Conditions
The differences between the classical testing and functional MRI (fMRI) conditions were assessed using 4 factors (see Figure 1 ): an environmental factor (supine position, confinement, refrain from moving, and looking through prism-glasses), a noise distracting factor, a static magnetic field factor and an 'electromagnetic variations' factor (gradient switch and RF pulse, but also vibrations).
The environmental factor was reproduced by a sham MR of size similar to the real one, In all the conditions, the subjects were in an ambient luminosity of 0.14 candela / m² and baseline noise of 54 dB (dark and quiet room).
Vigilance evaluation
We asked the subjects to rate their vigilance during the preceding condition, by means of a visual analog scale, at the beginning and end of each session.
Statistical analysis
The 'response time tasks' were analyzed together. To allow comparison between tasks, and because we were interested in seeing a departure from the classical testing situation, we subtracted the mean response time in the sited condition from the response time of the other conditions for each task. Accordingly, the value in the sited condition should be 0 ms for both tasks. This procedure preserves inter-subject variance. Assuming that the order effect is uncorrelated with the condition effect, we adjusted for the order effect (practice or tiredness). Then we performed an analysis of variance (ANOVA) with two factors:
conditions (5 -repeated measures) and tasks (2) . Planned comparisons were performed to test for the specific effects listed in Figure 1 .
For the simultaneity detection task, we first computed the frequency of "one after the other" response for each ISI. The frequencies were corrected for an order effect as indicated previously. Temporal thresholds (70% correct responses) were estimated after a logit transformation of the psychometric functions. Hence, the psychometric functions, which were cumulative normal like, had a linear shape after transformation of percentages by means of the following formula: logit = ln(p / 1 -p).
We performed an ANOVA with the 5 conditions as within factor, on the estimated thresholds. Planned comparisons were performed to test for the specific effects listed in Figure 1 .
The vigilance scores were first corrected for an order effect, followed by a repeated measures ANOVA with the conditions as within factor.
All data preparation was performed with open office Calc, and statistical analysis with 
